Abstract: We radio-tracked 11 red bats and 5 Seminole bats (L. seminolus) to 64 and 34 day roosts, ' d ! respectively. Individuals of both species were found roosting within the canopy of the roost trees, clinging to leaf petioles or the tips of small branches (~4 cm in diameter). Red bats roosted primarily in hardwoods (970/o), whereas the roosts of Seminole bats were located primarily in pines (94%). Ten of the 16 roost-site variables examined differed significantly between red bats and Seminole bats: number of trees in the overstory, overstory height, understory richness and diversity, overstory richness, diversity, and evenness, roost-tree diameter, percent canopy closure, and percentage of conifers in the overstory. These differences were related directly to the differential use of roosting habitats by the two species. The roosts of ; red bats were located in pine -mixed hardwood communities and bottomland hardwood swamps, while the roosts of Seminole bats were located in communities dominated by pines. To examine within-stand roost selection, the diameter, * height, and species composition of roost trees used by red and Seminole bats were compared with those of neighboring trees.
Introduction
Although bats are an important component of forest ecosystems, our understanding of their habitat requirements has lagged behind our understanding of those of other mammalian groups. Until recently, most of the information on bat roosts t Author to whom all correspondence should be addressed (e-mail: Chapman@smokey.forestry.ugn.edu). * Deceased. and roosting behavior came from observations made at caves, mines, or artificial structures (Betts 1995) . Other than anecdotal accounts, little was known of roost-site selection among tree-roosting bats (e.g., Barclay and Cash 1985; Constantine 1958 Constantine , 1966 Parsons et al. 1986 ). With the advent of miniaturized radio transmitters, more detailed analysis of chiropteran habitat preferences, roost selection, and roosting behavior is possible (see Barclay et al. 1988; Lunney et al. 1988; Taylor and Savva 1988; Vonhof 1995) . It is now feasible to compare roost-site selection between closely related species in the same locale (Lacki 1995) .
In eastern North America, few details are known about the characteristics of tree roosts used by two related species, the red bat (Lashrus borealis) and the Seminole bat (L. semino2us). Based upon anecdotal accounts, red bats are assumed to commonly roost in foliage at the edge of hardwood tree canopies (Barbour and.Davis 1969; Constantine 1966 ; Koontz Q 1998 NRC Canada ,sMenzel et al.
:; 'and Davis 1991; McClure 1942; Mumford 1973) . Their roosts . may also be located in clumps of Spanish moss (Tillundsiu t~sneoides; Constantine 1966; Jennings 1958) , in coniferous trees (McClure 1942) , in woodpecker holes (Fassler 1975) , and under sunflower (Helianthus sp.) leaves (Downes 1964) . Seminole bats often roost in Spanish moss (Barbour and Davis ,; Constantine 1958; Harper 1927; Jennings 1958; Wilkins 'z? 1987) . They may also occupy clumps of foliage (Sealander and -,F; "' Heidt 1990) , tree branches (Barkalow and Adams 1955) , the tips of pine limbs (M.A. Menzel et al., in preparation),3 and .$;. cavities under loose bark (Sealander 1979) . Destruction of -I,-' roosts may be the most important factor in the decline of bat ,,& populations in North America (Kunz 1982) . Because red bats and Seminole bats spend more than half of each day in forest ..:
--roosts (Kunz 1982; Vonhof and Barclay 1996) , conservation of these species may depend in part on a detailed knowledge '-. of their roost-site characteristics. Since these two species are closely related, it is often assumed that their roost locations are 1' similar within a limited geographic range. Since studies of related species in the same locale are valuable for identifying interspecific differences in roost-site selection (Betts 1995) . we compared the characteristics of roost trees used by the red bat and Seminole bat in two locations with similar forest char-
I
acteristics.
1995 and at the Savannah River Site National Environmental Research Park, South Carolina, in 1996. Sapelo Island is a 4411-ha barrier island located approximately 63 km south of Savannah, Geor-.:.< gia, and 5.5 km off the coast (31"27'N. 81"16W). The Savannah, . . River Site is a 76 900-ha National Environmental Research Park ad--1.: ministered by the United States Department of Energy. It is located .a-'*. 23 km southeast of Augusta, Georgia (33"15'N, Sl"4OW). Commu-5' nities of longleaf pine (Pinus palustris), loblolly and slash pine .,Q? (P. taeda and P. elliottii, respectively) and pine -mixed hardwoods .?:;. were common to both sites. the day using Advanced Telemetry System R2000 receivers (Isandti, Minnesota) and three-element Yagi antennas. When roost trees could not be reliably identified using radiotelemetry, roost locations were verified using binoculars during the day or by watching the roost for emerging bats at dusk. We conducted exit counts on 24 roost trees of red bats and 16 roost trees of Seminole bats. For roost trees on which exit counts were conducted, 23 (96%) and 14 (87%) used by red bats and Seminole bats, respectively,,were correctly identified using radiotelemetry. In the three cases where the roost tree was incorrectly identifted using radiotelemetry, the actual roost tree was within 2 m. In all three cases, the roost tree identified using radiotelemetry differed by less than 3 m in height and 15 cm in diameter from the actual roost tree, and was of the same species as the actual roost tree. All bats were tracked as long as the transmitter remained operational and attached to the bat. Average transmitter life was 14 days. Transmitters remained attached to the bats for an average of 8 days.
After a roost tree was located it was marked with flagging. Between 2 and 14 days after the roosting site was located, quantitative measurements were taken on the roost tree and the vegetation surrounding it. A 0.04-ha sampling plot (radius 11.35 m) was established around the roost tree. The diameter at breast height (DBH), height, and species of all overstory trees (DBH >9 cm) within the plot were measured. The species and stem number of all trees in the understory were recorded. Measurements taken on the roost tree included DBH, total height, and height to the base of the live crown. All heights were measured using a clinometer. Percent canopy closure was measured for each plot using a spherical densiometer (Forest Densiometers, Arlington, Virginia). We measured the density of the canopy 2 m from the base of the roost tree on the side of the tree on which the bat was roosting. Measurements were taken in the four cardinal directions and the mean density was recorded. The aspect of the roost and the height of the bat in the tree were also recorded. We measured aspect using a compass and corrected to true north. Shannon's diversity index and Pielou's measure were calculated for both the overstory and understory vegetational communities surrounding the roosts (Pielou 1966) . Measures of basal area were used in calculating all overstory indices. Understory calculations are based on the number of stems per 0.04-ha sampling plot.
The heights and DBHs of roost trees used by red and Seminole bats were compared with the average height and diameter of all overstory trees within the sampling plots. The average height and DBH of all overstory trees surrounding the roost tree within each 0.04-ha sample plot were calculated. The average height and DBH of all trees 'surrounding the roost trees of red bats were compared with the average height and DBH of all trees used as day roosts by red bats. The average height and diameter were also calculated for all trees surrounding the roost trees of Seminole bats and the same comparisons were made. The use of each tree species as a day roost was compared with the abundance of each species within the sample plots.
We determined the universal transverse mercator (UTM) coordinates of all roost trees using a Trimble Pathfinder global positioning system (GPS). Final coordinates were obtained using differential correction. We calculated the roost area of five adult red bats and four adult Seminole bats using the minimal convex polygon method and the program calhome (Kie et al. 1996) . The roosting area calculated for each individual was the area of a minimal convex polygon that included all roost trees used by the individual while it was being tracked. Roosting areas were compared between adult red bats and Seminole bats using a two-sample test (SAS Institute Inc. 1990).
We tested for differences in all roost characteristics between roosts located on Sapelo Island and at the Savannah River Site using a twosample t test. No significant differences were detected, therefore data collected at both sites were pooled for all analyses.
We compared 16 characteristics of day-roost sites between red bats and Seminole bats by means of a two-sample t test. The aSpeCtS of roosts selected by red and Seminole bats were compared with those expected on the assumption of a random distribution, using a Q 1998 NRC Canada likelihood-ratio test (Sokal and Rohlf 1969) . To examine within-stand roost selection, we compared the heights and DBHs of roost trees used by red and Seminole bats with the average height and DBH of surrounding trees using a two-sample t test. The number of times a tree of a particular species was used as a roost was compared with the abundance of that species within the sampling plots, using a x2 test..
Results
We tracked 11 red bats and 5 Seminole bats to their day roosts. The 64 roost trees of red bats were used on 74 nights, the 34 roost trees of Seminole bats on 57 nights. Average roost-site fidelity for red and Seminole bats was 1.2 and 1.7 nights per roost tree, respectively.
Radio transmitters were placed only on Seminole bats cap&d at the south end of Sapelo Island. Although over half (54%) of the study area on Sapelo Island consisted of hardwooddominated communities, 25 roosts of Seminole bats (88%) were located in communities dominated by pines. While the Savannah River Site study area contained primarily pinedominated communities (74%), 55 roost trees of red bats (86%) were located in hardwood communities. At the Savannah River Site, all nine (100%) of the roosts of Seminole bats were located in pine-dominated communities. Ten of the 16 roost-site characteristics examined differed significantly between red and Seminole bats ( Table 1 ). The 0.04-ha sampling plots surrounding the roosts of red bats contained more overstory trees (mean f SE = 23.90 f 0.89) than the plots surrounding roosts of Seminole bats (17.94 f 1.57). The overstory surrounding the roosts of Seminole bats (21.1. f 0.7 m) was significantly higher than that surrounding the roosts of red bats (17.3 f 0.5 m). Roost-tree diameters aIso differed between the two species. The average DBH of red bat roost trees (38.0 f 2.2 cm) was significantly smaller than that of Seminole bat roost trees (43.6 f 1.7 cm). Both the overstory and the understory surrounding the roosts of red bats showed greater tich- ness and diversity than those surrounding the roosts of Semi nole bats (Table 1 ). The percentages of conifers id the over story also differed significantly between the roosts of red ant Seminole bats. On average, 20% of overstory tree: surround ing the roosts of red bats were conifers. In contrast, the over story surrounding the roosts of Seminole bats consisted, o: average, of 83% conifers. Percent canopy closure surroundin the roosts of red bats (92.3 f 0.8%) was significantly highe than around the roosts of Seminole bats (68.5 f 3.7%). Red bats were found roosting in 18 species of trees ( white oaks (Quercus alba), laurel-leaved oak (Q. laurifolia), and water-oaks (Q. nigra) were common1 used. The species composition of roost trees differ&d signif candy from the composition expected in hardwood habitat assuming random selection of tree species within the roostin area (G = 29.25, P = 0.03). Red maples (Acer rubrum) an loblolly pines commonly occurred within the roost plots; hov ever, each species was used only once as a day roost. Whi oaks and water-oaks occurred infrequently within the roo plot, but both species were commonly used as day roos (Table 2) . Both DBHs and heights of roost trees used by re bats were significantly greater than the average DBH ar height of surrounding trees (Table 3 ). The roost aspects s lected did not differ significantly from a random distribution Seminole bats were found roosting in five species of trel (Table 2) . Loblolly pines, slash pines, and longleaf pines we commonly used. The species composition of roost trees did n lenzel et al. iffer significantly from the expected composition within me-dominated habitats. Like red bats, Seminole bats roosted 1 trees of greater heights and DBHs than the average values x trees within the roost plot (Table 3) . Roosting sites were elected randomly with respect to aspect. Roosting areas differed significantly between red and Semiole bats. Both species moved to new roost trees often. Red ats and Seminole bats spent an average of 1.2 and 1.7 days n one roost tree, respectively. While individuals of both speies often moved to new roost trees, adult red bats selected costs within a significantly larger area (2.6 + 0.6 ha) than dult Seminole bats (0.2 f 0.1 ha; P = 0.01).
bxssion 'he differences between the roosting sites of red and Seminole ats were related directly to the different roosting habitats used y the two species. The roosts of red bats were located both in ine -mixed hardwood communities dominated by sweeturns, water-oaks, and loblolly pines and in bottomland hardrood swamps dominated by cotton-gum (Nyssa aquatica) and ald cypress (Taxodium disrichum). The roosts of Seminole ats were always located in forest communities dominated by ines. Both on Sapleo Island and at the Savannah River Site, ine-dominated communities are intensively managed for the reduction of forest products. Stands of pines were typically omposed of a single tree species and all individual trees were f approximately the same age and size. The understory comiunities surrounding the roosts of Seminole bats were manged with the use of prescribed fires, resulting in a open nderstory or shrub communities dominated by a few firedapted species. The understory communities surrounding the )osts of Seminole bats were less diverse than those surroundlg the roosts of red bats. The pine -mixed hardwood comrnuities and bottomland hardwood swamps where red bats )osted were managed much less intensively. These stands 'ere not thinned. Because red bats roosted in less intensively ranaged stands, their roosts were surrounded by more over-:ory trees than those of Seminole bats. Since there were more 'ees in the overstory, canopy density surrounding the roosts of Ed bats was greater than that surrounding the roosts of Serniole bats. Because of the uneven-aged overstory in the less rtensively managed stands, average overstory heights were )wer and average roost-tree diameters smaller for red bats ran for Seminole bats.
Except for their height in the tree, the roosts of red bats were imilar to those described in the literature. We found red bats aosting at an average height of 15.3 m, higher than those Dund by Mumford (1973; 2.6 m), Koontz and Davis (1991; a5 m) , and McClure (1942; 1.6-12.5 m). Previous investigaOns into the roosting habits of red bats involved visually loeating the roosts. Bats roosting lower in the tree may be located more easily by visual searches than those roosting high in the canopy (Mumford 1973 ). Because we located our roosts by means of radiotelemetry, our estimates of roosting heights are probably more representative than previous estimates. Like McClure (1942) and Constantine (1966) , we found red bats roosting in many species of trees. Although McClure (1942) compared the proportions of roosts located in different species of trees with the relative abundance of each tree species, he did not determine if any tree species were used more often than expected. We found that red bats preferred white oaks and water-oaks and did not roost in red maples or loblolly pines as often as expected.
The roosts of Seminole bats that we found were unlike those previously described. Constantine (1958) found Seminole bats roosting at an average height of 2.5 m, but we found them roosting at an average height of 16.3 m. Roosts of Seminole bats were commonly located in Spanish moss (Barbour and Davis 1969; Constantine 1958; Harper 1927; Jennings 1958; Wilkins 1987) . Although Seminole bats forage in pine-dominated communities (Harper 1927; Ivey 1959; Jennings 1958; Moore 1949; Zinn 1977) , we could find no reports of Seminole bats roosting in pines. The Seminole bats we tracked almost always roosted in pines. Constantine (1958) searched for roosts of Seminole bats in Spanish moss from February through June. He located bats in every month except May and June. Jennings (1958) collected roosting Seminole bats from Spanish moss throughout the winter, but failed to collect any during July, August, or September. Jennings examined Spanish moss for bats throughout the year, but few litters of Seminole bats were found. Thus, during the period of parturition and lactation, Seminole bats may commonly roost in pines. Many species of bats use different types of roost during the year in response to differing physiological demands (e.g., hibernation, pregnancy, lactation; Barbour and Davis 1969) . Thus, the differences between the roosts we located and those previously described likely relate to the time of the year. Constantine (1958 Constantine ( , 1966 suggested that red bats and Seminole bats select roosts on the southwestern and southern side of roost trees, respectively. We found that the ibosts' of bptlj species were selected randomly with respect .to aspect. ' ..
Comparisons between the size of trees used as iods% by red bats or Seminole bats and the average size of surrounding trees in the overstory are lacking. However, Vonhof and Barclay (1996) made general comparisons between trees used as roosts by four species of bats in British Columbia and trees selected randomly from the overstory. The trees used as roosts were significantly taller than randomly selected trees. Roost trees selected by four species of bats in Tasmania had larger diameters than randomly selected trees (Taylor and Savva 1988) . We found that roost trees used by red and Seminole bats were significantly taller and had larger diameters than surrounding trees. Our results support the findings of Vonhof and Barclay (1996) and Taylor and Savva (1988) .
Adult red bats possibly select roosts from larger areas than adult Seminole bats because of the relative availability of the habitat types in which they preferred to roost. On both of our study sites, pine -mixed hardwood communities were more abundant than stands composed only of pine. The roosts of Seminole bats were found in islands of pine monoculture surrounded by pine -mixed oak communities. Seminole bats had to either restrict shifts in roost location to other trees with the island or make major shifts to different islands. Because the type of roosting habitat preferred by red bats was fairly ubiquitous, they were free to select roosts from larger areas than Seminole bats.
These data on the roosting habits of Seminole bats raise new questions concerning the effects of summer timber-harvesting operations in the southeastern United States on the reproductive success of this species. Future studies investigating the response of Seminole bats to timber harvesting in upland pine stands are needed.
